We investigate the connection between the presence of bars and AGN activity, using a volumelimited sample of ∼9,000 late-type galaxies with axis ratio b/a > 0.6 and M r < −19.5 + 5logh at low redshift (0.02 ≤ z 0.055), selected from Sloan Digital Sky Survey Data Release 7. We find that the bar fraction in AGN-host galaxies (42.6%) is ∼2.5 times higher than in non-AGN galaxies (15.6%), and that the AGN fraction is a factor of two higher in strong-barred galaxies (34.5%) than in non-barred galaxies (15.0%). However, these trends are simply caused by the fact that AGN-host galaxies are on average more massive and redder than non-AGN galaxies because the fraction of strong-barred galaxies (f SB ) increases with u − r color and stellar velocity dispersion. When u − r color and velocity dispersion (or stellar mass) are fixed, both the excess of f SB in AGN-host galaxies and the enhanced AGN fraction in strong-barred galaxies disappears. Among AGN-host galaxies we find no strong difference of the Eddington ratio distributions between barred and non-barred systems. These results indicate that AGN activity is not dominated by the presence of bars, and that AGN power is not enhanced by bars. In conclusion we do not find a clear evidence that bars trigger AGN activity.
1. INTRODUCTION Galactic bars are believed to play a crucial role in galaxy evolution. By reducing angular momentum, galactic bars can efficiently transport gas from outer disk to the central kiloparsec scale (Lynden-Bell 1979; Sellwood 1981; van Albada & Roberts 1981; Combes & Gerin 1985; Pfenniger & Friedli 1991; Heller & Shlosman 1994; Bournaud & Combes 2002; Athanassoula 2003; Jogee 2006) , as demonstrated by a number of numerical simulations (e.g., Roberts et al. 1979; Athanassoula 1992; Friedli & Benz 1993; Maciejewski et al. 2002; Regan & Teuben 2004) . The bar-driven gas can cause a mass accumulation within the Inner Lindblad Resonance (ILR), leading to the destruction of bars and the formation of psuedobulges (Hasan & Norman 1990; Pfenniger & Norman 1990; Hasan et al. 1993; Norman et al. 1996; Das et al. 2003; Shen & Sellwood 2004; Athanassoula et al. 2005; Bournaud et al. 2005) . Numerous observational studies have found the characteristics of the bar-driven gas: i.e., inflow velocities from CO emission (e.g., Quillen et al. 1995; Benedict et al. 1996) and from Hα emission (e.g., Regan et al. 1997 ), higher Hα luminosities in barred galaxies than in non-barred galaxies (e.g., Ho et al. 1997) , and higher molecular gas concentrations in the central kiloparsec region of barred galaxies (e.g., ghlee@astro.snu.ac.kr woo@astro.snu.ac.kr mglee@astro.snu.ac.kr hhwang@cfa.harvard.edu jclee@kasi.re.kr jbsohn@astro.snu.ac.kr leejh@astro.snu.ac.kr Sakamoto et al. 1999; Sheth et al. 2005) .
Because of the high efficiency of gas inflow toward the central region of galaxies, bars are often invoked as a trigger of nuclear star formation. Enhanced nuclear star formation has been found in the central regions of barred spiral galaxies (e.g., Heckman 1980; Hawarden et al. 1986; Devereux 1987; Arsenault 1989; Huang et al. 1996; Ho et al. 1997; Martinet & Friedli 1997; Emsellem et al. 2001; Knapen et al. 2002; Jogee et al. 2005; Hunt et al. 2008; Bang & Ann 2009 ).
Some statistical studies presented high bar fractions among star-forming galaxies: e.g., 61% in Ho et al. (1997) , 82%-85% in Hunt & Malkan (1999) , and 95% in Laurikainen et al. (2004) .
Bar-driven gas inflow has been also considered as a mechanism for triggering active galactic nucleus (AGN) activity (Combes 2003) . For the past three decades, much effort has been devoted to understand the connection between the presence of bars and AGN activity.
However, it is not yet clear whether bars transport gas down to the vicinity of supermassive black holes (SMBHs).
Several observational studies claimed that the fraction of barred galaxies is higher in AGN-host galaxies than in non-AGN galaxies (Arsenault 1989; Knapen et al. 2000; Laine et al. 2002) , while many others found no significant excess of barred galaxies in AGN-host galaxies (Moles et al. 1995; McLeod & Rieke 1995; Mulchaey & Regan 1997; Ho et al. 1997; Laurikainen et al. 2004; Hao et al. 2009; Bang & Ann 2009) . Shlosman et al. (1989) suggested the "bars within bars" scenario as a mechanism for fueling AGNs. In this model, large-scale stellar bars transport gas into their rotating disks of a few hundred parsec scale. When a critical amount of gas is accumulated, the disks undergo gravitational instability, triggering a gaseous secondary bar, which enables gas to approach closer to SMBHs (Mulchaey & Regan 1997; Maciejewski & Sparke 1997; Ho et al. 1997) .
Some studies suggested that nuclear spirals, instead of secondary bars, are responsible for triggering AGNs (Martini & Pogge 1999; Márquez et al. 2000; Martini et al. 2003) . In a recent high-resolution smoothed particle hydrodynamics simulation, Hopkins & Quataert (2010) showed that disk instabilities (for 10 − 100 pc scales) driven by primary bars exhibit various morphologies as well as bar-like shapes. Several observational studies confirmed the presence of secondary bars by detecting nuclear bars embedded in large-scale bars, using the ISAAC/VLT spectroscopic data (Emsellem et al. 2001) , the Hubble Space Telescope (HST) images (Malkan et al. 1998; Laine et al. 2002; Carollo et al. 2002; Erwin & Sparke 2002) , and the integral field spectrograph SAURON data . It is found, however, that the fraction of secondary bars in AGNs is similar to that in non-AGNs (Martini et al. 2003) , implying that secondary bars do not play a critical role in fueling AGNs. Although there have been many attempts, the nature of the AGNbar connection is still unclear. The presence of secondary bars or nuclear spirals in non-AGN galaxies suggests that bars are not a universal fueling mechanism (Márquez et al. 2000; Laine et al. 2002; Martini et al. 2003) .
In this paper, we investigate the connection between the presence of bars and AGN activity using a large sample of galaxies from the Sloan Digital Sky Survey (SDSS; York et al. 2000) . SDSS data have been used by several previous studies in revealing the dependence of the bar fraction either on internal galaxy properties or on environmental properties (Barazza et al. 2008; Aguerri et al. 2009; Li et al. 2009; Nair & Abraham 2010b; Masters et al. 2011; Lee et al. 2012) . However, the AGN-bar connection has not been studied in detail using the SDSS data. Hao et al. (2009) found no excess of bars in AGN-host galaxies using SDSS data. However, the galaxy sample in their study was relatively small and biased to blue galaxies (see Masters et al. 2011; Lee et al. 2012) . Therefore, it is needed to investigate the connection between bars and AGN activity using a homogeneous and large galaxy sample. Following our detailed study on the relation between the presence of bars and galaxy properties (Lee et al. 2012 , hereafter Paper I), we investigate the AGN-bar connection using a homogeneous sample of late-type galaxies, selected from the SDSS. This paper is organized as follows. We describe the volume-limited sample and the method for identifying bars and spectral types in Section 2. Section 3 presents the main results including the dependence of the bar fraction on spectral types, the dependence of the AGN fraction on the presence of bars, and the comparison of Eddington ratio distributions between barred and nonbarred AGN-host galaxies. We discuss the implication of primary results in Section 4, and present summary and conclusions in Section 5.
2. DATA AND METHODS 2.1. SDSS Galaxy Sample We use a volume-limited sample of 33,391 galaxies with the r-band absolute magnitude M r ≤ −19.5 + 5logh mag (hereafter, we drop the +5logh term in the absolute magnitude) at redshift 0.02 ≤ z ≤ 0.05489, from the SDSS Data Release 7 (DR7; Abazajian et al. 2009 ). These galaxies are extracted from the Korea Institute for Advanced Study Value-Added Galaxy Catalog (KIAS VAGC; Choi et al. 2010 ) that is based on the Large Scale Structure (LSS) sample of New York University ValueAdded Galaxy Catalog (NYU VAGC; Blanton et al. 2005) . The rest-frame absolute magnitudes of individual galaxies are computed in fixed bandpass, shifted to z = 0.1, using the Galactic reddening correction of Schlegel et al. (1998) and K-corrections as described by Blanton et al. (2003) . The mean evolution correction given by Tegmark et al. (2004) , E(z) = 1.6(z − 0.1), is also applied. The spectroscopic parameters (i.e., stellar velocity dispersions and strength of various emission lines) are obtained from NYU VAGC and MPA/JHU DR7 VAGC (Tremonti et al. 2004; Brinchmann et al. 2004) . Stellar masses are also from the MPA/JHU DR7 VAGC, which are based on fits to the SDSS five-band photometry (Kauffmann et al. 2003b ). We adopt a flat ΛCDM cosmology with Ω Λ = 0.74 and Ω m = 0.26 from Wilkinson Microwave Anisotropy Probe five-year data (Komatsu et al. 2009 ).
The detailed description of the morphological classification and the identification of bars of the sample, and the comparison with previous classifications (de Vaucouleurs et al. 1991; Nair & Abraham 2010a) can be found in Paper I (see Section 3). We summarize the sample selection and classification schemes as follows. First, after dividing all galaxies into earlyand late-type galaxies using the automated classification method (Park & Choi 2005 ) and visual inspection, we selected 19,431 late-type galaxies out of 33,391 galaxies (see Table 1 of Paper I). To avoid the internal extinction effects, we selected only galaxies with the minorto-major axis ratio b/a > 0.6, obtaining a sample of 10,674 late-type galaxies. Then, we classified these latetype galaxies into three groups based on the presence (and the length) of bars: 2542 strong-barred (23.8%), 698 weak-barred (6.5%), and 7434 non-barred galaxies. When the size of bars is larger (shorter) than a quarter of the size of their host galaxies, we classified these galaxies as strong-barred (weak-barred) galaxies. As described in Paper I, our classification shows a good agreement with Nair & Abraham (2010a)'s classification.
In this study we classify the sample galaxies into AGNs and non-AGNs using the spectral features. To determine the spectral types and to investigate the dependence of the bar fraction on spectral types, we select galaxies whose spectra show strong emission-lines of Hα, Hβ, [OIII] λ5007, and [NII] λ6584 with signal-to-noise ratio S/N ≥ 3 (Kewley et al. 2006) . By excluding 2019 galaxies that do not satisfy the S/N criterion, we make a final the sample of 8655 late-type galaxies for the following analysis.
We perform the aperture correction to the velocity dispersion of the target galaxies using the equation sug- There are three types of galaxies (red: AGN-host galaxies, green: composite galaxies, and blue: star-forming galaxies) classified by two separate lines, the extreme starburst classification line (Kewley et al. 2001, solid line) and the pure star formation line (Kauffmann et al. 2003a, dashed line) . In panels (b) and (c), dots represent strong-barred (SB) and weak-barred (WB) galaxies, respectively. Contours show the distribution for all late-type galaxies shown in panel (a). gested by Cappellari et al. (2006) ,
where σ fib is the velocity dispersion obtained from a fiber with R fib = 1 ′′ .5. R eff is an effective radius calculated by R eff = r deV × (b/a) 0.5 deV , where r deV and (b/a) deV are, respectively, scale radius and b/a axis ratio in i-band in the de Vaucouleurs fit. Hereafter, the velocity dispersion means σ corr , and its subscript corr will be omitted.
Classification of Spectral Types
To determine the spectral types, we use the [NII]/Hα versus [OIII]/Hβ diagnostic diagram that is known as Baldwin-Phillips-Terlevish (BPT) diagram (Baldwin et al. 1981; Veilleux & Osterbrock 1987) . We categorize the sample galaxies into three spectral types: star-forming, composite, and AGN-host galaxies. As shown in Figure 1 , Kewley et al. (2001) drew theoretical "maximum starburst lines" (solid lines) to define the upper boundary of star-forming galaxies, and Kauffmann et al. (2003a) added an empirical demarcation line (dashed line) to distinguish pure star-forming galaxies from composite galaxies whose spectra are affected by both star forming nuclei and AGNs.
We perform spectral classification using two criteria of S/N (for Hα, Hβ, [NII] , and [OIII] emission lines): S/N ≥ 3 and S/N ≥ 6. When S/N ≥ 3 is adopted, we find that the fractions of star-forming, composite, and AGN-host galaxies are 57.1% (4940 galaxies), 22.8% (1973 galaxies), and 20.1% (1742 galaxies), respectively. On the other hand, in the case of S/N ≥ 6, the sample galaxies consist of 60.3% (3600 galaxies) of star-forming, 23.7% (1411 galaxies) of composite, and 16.0% (957 galaxies) of AGN-host galaxies. The result of spectral classification is summarized in Table 1 . As the threshold of S/N increases from 3 to 6, the fraction of AGN-host galaxies decreases 20.1% to 16.0%. This is because a significant fraction of LINERs in the low S/N sample is not included in the high S/N sample, since LINERs tend to dominate the low S/N sample (Cid Fernandes et al. 2010 , 2011 .
RESULTS
To investigate the connection between AGN activity and the presence of bars, first, we compare the bar fractions in AGN-host and non-AGN galaxies in Section 3.1. Then, we examine the AGN fraction between barred and non-barred galaxies in Section 3.2. Finally, using AGN host galaxies, we investigate whether the Eddington ratio distribution is different depending on the presence of bars in Section 3.3. Figure 1 shows the distributions of strong-barred (panel b) and weak-barred galaxies (panel c) in emissionline ratio diagrams ([NII]/Hα versus [OIII]/Hβ). Strongbarred galaxies are widely distributed over the starforming, composite, and AGN-host galaxy regions, while the majority of weak-barred galaxies lie in the starforming galaxy region. Some weak bars are found in the composite and AGN-host galaxy region, but the number of those galaxies is relatively small.
Dependence of Bar Fraction on AGN activity
We investigate how the bar fraction varies depending on the spectral types using two S/N criteria as summarized in Table 2 . In the sample of 8655 galaxies with S/N ≥ 3, the fraction of strong-barred galaxies (f SB ) is 15.6% ± 0.5% in star-forming galaxies, 32.4% ± 1.1% in composite galaxies, and 42.6% ± 1.1% in AGN-host galaxies. Among 5968 galaxies with S/N ≥ 6, f SB is 18.3% ± 0.6% in star-forming galaxies, 36.4% ± 1.3% in composite galaxies, and 43.8%±1.6% in AGN-host galax- ies, respectively. In the low S/N case we find that f SB is ∼2.5 times higher in AGN-host galaxies than in starforming galaxies. On the other hand, the fraction of weak-barred galaxies (f WB ) does not vary significantly with spectral types, from 6.0% to 7.0%. The result for the high S/N case is not different from that for the low S/N case. We find a noticeable trend that f SB increases continuously from the star-forming galaxy region (lower left) to the AGN-host galaxy region (upper right) in all diagnostic diagrams, showing that the presence of bars is more frequent in AGN-host galaxies than non-AGN galaxies. We check that this trend does not change significantly even when we use the high S/N sample.
In the view of the results we obtained above, it is seen that AGN activity is related to the presence of strong bars. However, we will see below that these results do not directly indicate a connection between the presence of strong bars and AGN activity. This is because f SB is also a strong function of galaxy properties, i.e., u − r color, velocity dispersion (σ) and stellar mass (M star ). In Paper I, we found that u − r and σ are more influential parameters in determining the bar fraction. Therefore, we need to compare AGN-host and non-AGN galaxies with fixed u − r and σ in order to separate the effect of the two parameters on f SB .
In Figure 3 we show the dependence of the bar fraction on three parameters: u − r, σ, and M star . M star is another important parameter affecting the bar fraction (e.g., Sheth et al. 2008; Cameron et al. 2010; Méndez-Abreu et al. 2010; Nair & Abraham 2010b) . The fraction of strong-barred galaxies increases significantly as u − r color becomes redder, and it has a maximum value at intermediate velocity dispersion of ∼130 km s −1 . It has a constant value (∼10%) until log (M/M ⊙ ) = 10.2, but increases with M star thereafter. On the other hand, the fraction of weak-barred galaxies shows a different dependency on the three parameters. It has a peak value at a bluer color of u − r ≃ 1.4, and becomes larger as σ or M star decreases. This result on M star is consistent with the result of Nair & Abraham -(Upper) The number of galaxies as a function of (a) u − r color, (b) velocity dispersion (σ), and (c) stellar mass (Mstar) for strong-barred (SB), weak-barred (WB), and non-barred (NB) galaxies. (Lower) The dependence of the bar fraction on (d) u − r, (e) σ, and (f) Mstar. Circles and diamonds represent fractions of SB and WB galaxies, respectively. Error bars mean 1-σ sampling errors estimated by calculating the standard deviation of the bar fraction in 1,000-times-repetitive sampling. (2010b). Figure 4 shows how f SB varies in the u − r versus M star and in the σ versus M star diagrams. It shows that M star has a strong correlation with both u − r and σ. It also shows that f SB increases with the three parameters. However, at σ 120 km s −1 it decreases with σ at a given M star bin. Particularly, contours are neither vertical nor horizontal, suggesting that f SB depends on the three parameters simultaneously. Therefore, we conclude that u − r, σ, and M star are all important parameters in determining the bar fraction.
Because f SB is strongly correlated with three parameters, we need to check whether the trend of f SB in Figure  2 is originated from the effect of the three parameters on f SB . To investigate the difference of u − r and σ between AGN-host and non-AGN galaxies, we examine how u − r and σ vary in the [NII]/Hα versus [OIII]/Hβ diagnostic diagram as shown in Figure 5 . We use 20 × 20 bins in this diagram to measure median values of u − r and σ for late-type galaxies at each bin. After excluding bins that We divide this diagram into 20 × 20 bins and measure median values of u − r and σ for galaxies at each bin. After excluding bins that contain less than five galaxies, we display representative symbols with various colors and sizes, corresponding to the median values of u − r and σ, respectively. contain less than five galaxies, we display representative symbols with various colors and sizes, corresponding to the median values of u − r and σ, respectively. From the star-forming galaxy region toward the AGN-host galaxy region, it seems obvious that u − r color becomes redder. At the same time, σ increases along the same direction.
The median values of u−r are 1.77±0.01, 2.20±0.01 and 2.59 ± 0.01, respectively for star-forming, composite, and AGN-host galaxies. In the case of σ, the median values for star-forming, composite, and AGN-host galaxies are 66.2±0.5, 95.1±0.7, and 118.3±0.9 km s −1 , respectively. Considering the dependence of f SB on u − r and σ, it is clear that the trend shown in Figure 2 is caused by the fact that f SB increases with u − r and σ (or M star ).
To remove the effect of u − r, σ, and M star , we investigate the bar fraction in AGN-host and non-AGN galaxies at fixed u − r and σ (or M star ), as shown in Figure  6 . First, we divide our sample into 17 bins with fixed u − r and σ ranges. Note that each bin contains more than fifty galaxies. Then we measure f SB of each spectral type in each bin. An obvious excess of f SB in AGN-host galaxies is found only in one bin with u − r = 2.1 − 2.4 and σ = 40 − 80 km s −1 . In contrast, at all other u − r and σ bins, f SB of AGN-host galaxies is similar to that of star-forming galaxies. Second, we perform similar analysis at fixed u − r and M star ranges. We do not found any clear or significant excess of f SB in AGN-host galaxies in all bins. These results clearly demonstrate that the f SB excess in AGN-host galaxies shown in Figure 2 is caused by the fact that on average AGN-host galaxies are redder and and more massive than non-AGN galaxies. These results suggest that the bar fraction do not depend on AGN activity.
Dependence of AGN Fraction on Bar Presence
In this section we investigate how AGN fraction changes depending on the presence of bars. Among non-barred or weak-barred galaxies, the fraction of starforming galaxies (> 60%) is much larger than that of AGN-host galaxies (< 20%) while composite galaxies occupy ∼20%. In contrast, the AGN fraction increases by a factor of two when galaxies have strong bars. For example, among galaxies with S/N ≥ 3 (S/N ≥ 6), the AGN fraction is 34.5% (26.3%). AGN fractions in strongbarred, weak-barred, and non-barred galaxy samples are summarized in Table 3 .
To demonstrate the dependence on galaxy properties, we present AGN fraction of barred (combining strong and weak bars) and non-barred galaxies, as a function of u − r, σ, and M star in Figure 7 . In both barred and nonbarred galaxy samples, the AGN fraction increases with redder color, higher σ or larger M star while the fraction of star-forming galaxies shows an opposite trend. At fixed Fig. 7. -The fraction of AGN-host (circles), composite (triangles), and star-forming galaxies (diamonds) as a function of u − r (top), σ (middle), and Mstar (bottom). Solid lines and dashed lines represent barred (strong and weak-barred) and non-barred galaxies, respectively. Error bars mean 1-σ sampling errors.
σ or M star , AGN fraction is significantly higher in barred galaxies than in non-barred galaxies. At fixed u−r color, however, the excess of AGN fraction in barred galaxies is marginal. These results do not significantly change even if we exclude weak bars from the barred galaxy sample. The results presented in Figure 7 are similar to the finding of Oh et al. (2012, see their Figure 8 ), which appeared in the literature during the review process of our manuscript. We note that the sample size in this study is much larger than that in Oh et al. (8655 galaxies versus 3934 galaxies), and that we classify composite galaxies separately instead of including them in the AGN sample.
The results in Figures 3, 4 , and 7 show that both bar fraction and AGN fraction increase as galaxy color becomes redder. This leads naturally to an expectation that AGN and bars may be related. However, this does not necessarily mean that both are related. We need to investigate whether AGN is directly connected to bars or not.
For this we investigate whether AGN fraction is different between barred and non-barred galaxies in multidimensional spaces as shown in Figure 8 . When we compare galaxies at fixed ranges of u − r and σ (or M star ), the excess of AGN fraction in barred galaxies disappears or weakens. Within the sampling errors, there is no significant difference of AGN fraction between barred and non-barred galaxies. These results are dramatically different from those in Figure 7 due to the fact that AGN fraction is dependent of color and σ (or M star ). Figure 4 shows that u − r has a large dispersion even when M star is fixed. Similarly large color dispersion is also seen when σ is fixed (see Figure 9 in Paper I). Therefore an excess of the AGN fraction in barred galaxies shown in Figure  7 is an "apparent" trend, which is caused by the residual dependence on u − r color in σ (or M star ) bins. Thus, in order to remove the effect of u − r and σ (or M star ), AGN fraction has to be compared using galaxies at fixed u − r AND σ (or M star ). We find no significant dependence of AGN fraction on the presence of bars, suggesting that AGN activity is not dominated by bars.
Comparison of Eddington Ratio between Barred
and Non-barred AGN-host Galaxies If AGN activity is triggered by bars, barred galaxies may have higher accretion rates than non-barred galaxies. We exclusively use AGN-host galaxies to examine whether there is any difference in AGN power between barred and non-barred galaxies.
We use the [OIII] luminosity (L [OIII] ) as a proxy for the bolometric luminosity and infer black hole mass (M BH ) Fig. 9 .-Eddington ratio as a function of (left) u − r, (middle) σ, and (right) Mstar for 1,647 (upper, S/N ≥ 3) and 893 (lower, S/N ≥ 6) late-type AGN-host galaxies with σ > 70 km s −1 . Solid lines, long-dashed lines, and short-dashed lines represent median curves of Eddington ratio for strong-barred (SB), weak-barred (WB), and non-barred (NB) AGN-host galaxies, respectively. The size of bins corresponds to 1/7 of x-axis of each panel, and only when bins contain more than five galaxies median values of Eddington ratio are drawn. Error bars are calculated using 1,000-times resampling method. Error bars for strong-barred and weak-barred galaxies are slightly shifted respect to ones of non-barred galaxies in order to avoid overlap each other. Solid lines, long-dashed lines, and short-dashed lines represent median curves of Eddington ratio for strong-barred (SB), weak-barred (WB), and non-barred (NB) galaxies, respectively. The size of bins corresponds to 1/7 of x-axis of each panel, and only when bins contain more than five galaxies median values of Eddington ratio are drawn. Error bars are calculated using 1,000-times resampling method. Error bars for strong-barred and weak-barred galaxies are slightly shifted respect to ones of non-barred galaxies in order to avoid overlap each other.
from σ using Eq. (2) as described below. Thus, L [OIII] to M BH ratio can be used as an approximate Eddington ratio indicator. We adopt a reddening curve of R V = A V /E(B − V ) = 3.1 (Cardelli et al. 1989 ) and an intrinsic Balmer decrement of Hα/Hβ = 3.1 for AGNhost galaxies (Osterbrock & Ferland 2006) to correct for internal dust extinction. To estimate M BH , we adopt a M BH − σ relation for late-type galaxies suggested by McConnell et al. (2011) :
We exclude galaxies with velocity dispersion values lower than the instrumental resolution of the SDSS spectra (σ < 70 km s −1 ) since these measurements are not reliable (Choi et al. 2009 ). In the following analysis we use two samples: 1647 AGN-host galaxies with S/N ≥ 3 and 893 ones with S/N ≥ 6. The low S/N sample contains 718 strong-barred, 97 weak-barred, and 832 non-barred galaxies. On the other hand, the high S/N sample consists of 407 strong-barred, 46 weak-barred, and 440 nonbarred galaxies. The black hole mass of AGN-host galaxies spans 5.9 < log (M BH /M ⊙ )< 8.3, while L [OIII] /M BH ranges over four order of magnitude, 10 −2 − 10 2 L ⊙ /M ⊙ . In Figure 9 we present the Eddington ratio indicator (hereafter Eddington ratio) distributions as a function of u−r, σ, and M star , respectively, for strong-barred, weakbarred, and non-barred galaxies. The AGN power (i.e., Eddington ratio) appears to decrease with M star (or σ) as previously seen by Hwang et al. (2012) . This trend can be interpreted as "Eddington incompleteness", which reflects the observational selection effect that for given flux (or luminosity limits) lower Eddington ratio AGNs can be detected at higher mass scales. Since at a fixed Eddington ratio it is harder to detect [OIII] lines for lower mass black holes, the Eddington ratios can be distributed down to a much lower values for higher mass black holes and galaxies as shown in Figure 9 . In addition, we find that the AGN power is correlated with u − r of galax-ies. Blue AGN-host galaxies show significantly higher Eddington ratio than red AGN-host galaxies, implying that gas-rich systems generally have higher Eddington ratio than gas-poor systems. However, we note that this correlation can be also caused by the Eddington incompleteness since bluer color galaxies have on average lower galaxy (hence black hole) mass.
Nevertheless, we can compare the distributions of the Eddington ratio among strong-barred, weak-barred, and non-barred galaxies. We measure median values of log (L [OIII] /M BH ) as a function of u − r, σ, and M star for each bar class. In panel (a) and (d), it is shown that median curves for strong-barred and weak-barred galaxies lie slightly above those for non-barred galaxies, although the differences between barred and non-barred galaxies are not significant and the median Eddington ratios are consistent within the error. In other panels there is no difference between barred and non-barred AGN-host galaxies over the whole ranges of σ and M star .
To avoid the effect of Eddington incompleteness, we plot the Eddington ratio versus u−r diagram at two fixed σ ranges in Figure 10 . The anti-correlation between the Eddington ratio and u − r is still present for both 70 km s −1 < σ ≤ 120 km s −1 and 120 km s −1 < σ ≤ 170 km s −1 ranges, indicating that AGN power is correlated with the amount of cold gas in galaxies. Choi et al. (2009) also found a similar result among late-type AGN-host galaxies with 7 < log M BH /M ⊙ < 8. We note that the contributions to the [OIII] lines from star formation can systematically increase the L [OIII] /M BH ratio in bluer galaxies. Thus, further analysis is required to explore the connection between the presence of gas in large scales and the Eddington ratio.
When we compare the Eddington ratio distributions of barred and non-barred galaxies in Figure 10 , the median values of the Eddington ratio are not significantly different, implying that AGN power is not strongly affected by the presence of bars. Considering the scatter in each bin, and the uncertainty and systematic errors in estimating black hole masses from the M BH − σ relation, we conclude that there is no strong difference of the Eddington ratios between barred and non-barred galaxies.
4. DISCUSSION 4.1. Do AGNs Favor Barred Galaxies? Over the last three decades, bars have been invoked as a mechanism for fueling SMBHs. Although some studies claimed that AGNs are more frequently found in barred galaxies (Arsenault 1989; Knapen et al. 2000; Laine et al. 2002) , no excess of bars in AGN-host galaxies has been reported by many other statistical studies (Moles et al. 1995; McLeod & Rieke 1995; Mulchaey & Regan 1997; Ho et al. 1997; Laurikainen et al. 2004; Hao et al. 2009 ). This discrepancy was at least in part caused by the small sample size, selection effect, and contamination owing to the correlation between bars and other galaxy properties, i.e., color and stellar mass.
In this study we find that the fraction of strong bars is ∼2.5 times higher in AGN-host galaxies than in non-AGN galaxies. This result is clearly different from the findings by Hao et al. (2009) , who claimed no excess of bar fraction in AGN-host galaxies based on a sample of 1,144 SDSS disk galaxies with −18.5 > M g > −22.0 at 0.01 < z < 0.03. The discrepancy is due to the combination of two effects. First, by using a color cut (Bell et al. 2004; Barazza et al. 2008) in selecting disk galaxies, Hao et al. (2009) inevitably excluded red disk galaxies, leading to a much lower AGN fraction in their sample (11.1%) than that in our sample (17.0%). Second, they used the ellipse fitting method to identify bars. In general the bar fraction based on the ellipse fitting (e.g., ∼50% in r-band: Barazza et al. 2008 ) is much higher than that obtained by visual inspection (e.g., ∼33% in Bband: de Vaucouleurs et al. 1991, 26% ± 0.5% in g + r + i color images: Nair & Abraham 2010a, 29.4%±0.5% from Galaxy Zoo: Masters et al. 2010, 30 .4%: Paper I, 36%: Oh et al. 2012) . Thus, the combined effects of differences in sample selection and the classification method between Hao et al. and ours result in different findings.
We also find that the AGN fraction is twice higher in strong-barred galaxies than in non-barred galaxies as previous studies similarly reported (Arsenault 1989; Knapen et al. 2000; Laine et al. 2002) . As shown in Figure 7 , the higher AGN fraction in barred systems is present over a large ranges of M star . This result is consistent with those of recent studies (Coelho & Gadotti 2011; Oh et al. 2012) .
However, the excess of the bar fraction in AGN-host galaxies and the excess of the AGN fraction in barred galaxies do not indicate that the presence of bars and AGN activity are directly connected since the excess of the bar fraction in AGN-host galaxies and the excess of the AGN fraction in barred galaxies disappear when we compare galaxies with the same u − r and σ (or M star ) (see Figure 6 and Figure 8 ). Thus, we conclude that AGN activity is not dominated by the presence of bars.
Comparing the Eddington ratios among AGN-host galaxies, we find no significant difference between barred and non-barred galaxies at fixed u − r, σ and M star bins (see Figure 9 ), indicating that AGN power is not enhanced by the presence of bars.
Among AGN host galaxies with 2.0 < u − r < 2.5, the Eddington ratios are marginally higher in strong-barred galaxies than in non-barred galaxies (see Figure 10) , possibly implying that strong bars can boost AGN activity when their host galaxies lie in green valley. However, the number of AGN-host galaxies in our sample is not enough to draw a clear conclusion.
Dependence on the M BH − σ Relation
Since we estimate black hole masses from stellar velocity dispersion utilizing the M BH − σ relation, the derived Eddington ratios depend on the slope and intercept of the M BH − σ relation. Thus, it is necessary to investigate whether the Eddington ratio difference between barred and non-barred galaxies depends on the adopted M BH − σ relation.
Over the last decade, empirical scaling relations between M BH and σ have been improved as the number of galaxies with M BH measurements increased (e.g., Ferrarese & Merritt 2000; Gebhardt et al. 2000; Tremaine et al. 2002; Gültekin et al. 2009b; Graham & Li 2009; Woo et al. 2010) .
By combining two new M BH measurements with the literature data published before August 2011, a recent study by McConnell et al. (2011) provided two M BH − σ rela- tions; log (M BH /M ⊙ ) = α + β log (σ/200km s −1 ) with (α, β) = (8.38 ± 0.06, 4.53 ± 0.40) for elliptical/S0 galaxies and (7.97 ± 0.22, 4.58 ± 1.25) for spiral galaxies. In this study we adopt the second equation for estimating M BH since our sample is composed of late-type galaxies.
A few studies separately derived M BH − σ relations for barred and non-barred galaxies (Gültekin et al. 2009b; Graham & Li 2009; Graham et al. 2011 ). For example, Gültekin et al. (2009b) reported (α, β) = (8.19 ± 0.087, 4.21 ± 0.446) for non-barred and (7.67 ± 0.115, 1.08 ± 0.751) for barred galaxies while Graham & Li (2009) derived (8.15 ± 0.05, 3 .89 ± 0.18) for non-barred galaxies, and (8.03 ± 0.05, 3.94 ± 0.19) for the combined sample of barred and non-barred galaxies. Graham et al. (2011) reported steeper M BH − σ relations with (8.25 ± 0.06, 4.57 ± 0.35) for non-barred galaxies and (7.80 ± 0.10, 4.34 ± 0.56) for barred galaxies.
To demonstrate the dependence of Eddington ratios on the adopted M BH − σ relation, we compare in Figure 11 Eddington ratios between barred and non-barred galaxies using three different pairs of M BH − σ relations mentioned above. When the M BH − σ relations from Gültekin et al. (2009b) are used, barred and non-barred galaxies show no significant difference in Eddington ratios as similarly shown in Figure 9 . In contrast, Eddington ratios tend to be higher in barred galaxies than in non-barred galaxies when the M BH − σ relations are taken from Graham & Li (2009) . The enhanced Eddington ratios in barred galaxies is particularly noticeable when using Graham et al. (2011) 's M BH − σ relations. since M in barred galaxies are significantly reduced due to the lower intercept of the M BH − σ relation.
If we adopt different M BH − σ relations respectively for barred and non-barred galaxies, AGN power appears to be enhanced by bars. Oh et al. (2012) used the M BH − σ relations taken from Graham & Li (2009) , and they argued that AGN strength is enhanced by the presence bars. However, there are several limitations in adopting two different relations for barred and non-barred. First, the M BH − σ relation of barred galaxies is not well defined since the relation has been derived with a small number of barred galaxies. For example, Gültekin et al. (2009b) used only 8 measurements (and 11 upper limits of M BH ) of barred galaxies while Graham et al. (2011) also used only 20 barred galaxies. Second, the M BH − σ relation of non-barred galaxies are biased to early-type galaxies since early-type galaxies are dominant in the sample. Third, dynamical mass measurements of black holes in barred galaxies are much more uncertain since no stellar dynamical model truly accounts for stellar bars (Gültekin et al. 2009a ). Therefore, we decide to use only one M BH − σ relation for late-type galaxies as given in McConnell et al. (2011) , in order to avoid any systematic uncertainties of the M BH − σ relations between barred and non-barred galaxies. It is necessary to investigate whether barred galaxies have higher Eddington ratios than non-barred galaxies when more robust M BH − σ relations of barred and non-barred late-type galaxies become available in the future.
What Triggers AGNs?
Based on the statistical analysis using a large sample of ∼9000 late-type galaxies, we find that AGN activity is not dominated by the presence of bars. Then, what triggers AGNs?
Several numerical simulations suggested that interac-tions and mergers between galaxies are main triggers for AGN activity (Noguchi 1987; Hernquist 1989; Barnes & Hernquist 1992 Mihos & Hernquist 1996; Di Matteo et al. 2005; Hopkins et al. 2006; Debuhr et al. 2011 ). This scenario is supported by several observational studies. For example, Sanders et al. (1988) showed that ultra-luminous infrared galaxies (ULIRG) and quasars are formed through the strong interaction or merger between gas-rich spirals. Bahcall et al. (1997) found that twenty nearby luminous quasars (z < 0.3) in their sample have galaxy companions that are closer than 25 kpc. In the case of lower luminosity AGNs, i.e., Seyfert galaxies, minor mergers between gas rich galaxies and with their satellite galaxies are proposed as a mechanism for triggering AGN activity (e.g., De Robertis et al. 1998). However, some observational studies showed conflicting results. Fuentes-Williams & Stocke (1988) found a marginal evidence that Seyfert galaxies interact with their companions that have comparable sizes. In addition, by investigating the environmental dependence of AGN fraction using the SDSS sample, Miller et al. (2003) claimed that the fraction of AGN-host galaxies is independent on environment (see also, Coziol et al. 1998; Shimada et al. 2000; Schmitt 2001) .
Recently, Martínez et al. (2010) reported that AGNhost galaxies (45%) are more frequent than composite (23%) or star-forming galaxies (32%) in the Hickson compact group environment where galaxy-galaxy interactions occur violently. Hwang et al. (2012) and Choi et al. (in prep.) also found, using the SDSS data, that the AGN fraction increases as the distance to a nearest late-type neighbor galaxy decreases in both cluster and field environments, and concluded that AGN activity can be triggered through mergers and interactions between galaxies when gas supply for AGN is available. In contrast, da Silva et al. (2011) claimed that merging galaxies with signatures of recent starburst, found in the green valley, had no detectable AGN activity. Although it is theoretically clear that mergers and interactions between galaxies can provide advantages for AGN activity by reducing angular momentum of interstellar medium and by generating gas inflows to the center of galaxies, observational studies do not clearly show the connection between galaxy interaction and AGN activity.
Additional mechanisms are expected to occur at subkiloparsec scales in order to influence the central black hole directly.
Secondary bars residing in the nuclear region, which are often called as nested bars, nuclear bars or inner bars, have been a strong candidate. Some observational works (Shaw et al. 1995; Wozniak et al. 1995; Friedli et al. 1996; Mulchaey & Regan 1997; Jungwiert et al. 1997; Greusard et al. 2000; Emsellem et al. 2001 Emsellem et al. , 2006 Laurikainen et al. 2007) found secondary bars in the central region of galaxies.
These secondary bars are predicted by the "bars within bars" scenario (Shlosman et al. 1989) .
The dynamical and kinematical properties of secondary bars are investigated by simulations (Englmaier & Shlosman 2004; Maciejewski & Athanassoula 2008; Shen & Debattista 2009 , 2011 and by observations (Garcia-Burillo et al. 1998; Schinnerer et al. 2006; de Lorenzo-Cáceres et al. 2008) . Similarly, nuclear dust spirals are invoked as a means to transport material from kiloparsec scales down to sub-kpc scales. High resolution images from HST provided a close look at dusty structures in nuclear regions (Malkan et al. 1998; Regan & Mulchaey 1999; Martini & Pogge 1999; Pogge & Martini 2002) . Martini et al. (2003) classified nuclear spirals into several morphological types: grand-design, tightly wound, loosely wound, chaotic nuclear spirals. Recently, Hopkins & Quataert (2010) showed that gas structures formed by gravitational instabilities at several parsec scale have diverse morphologies: spirals, rings, clumps and also bars. So, they proposed "stuff within stuff" model that is a revised version of Shlosman et al. (1989) 's model. However, there is another argument that the presence of nuclear spirals is not also directly connected with current AGN activity, because the frequency of nuclear spirals in AGN-host galaxies is comparable with that in non-AGN galaxies (Martini et al. 2003) . Thus, further studies are needed to investigate any relation between nuclear spirals (or secondary bars) and activity in galactic nuclei.
SUMMARY AND CONCLUSIONS
We investigate the relation between the presence of bars and AGN activity, using a sample of 8655 late-type galaxies with b/a > 0.6 and M r < −19.5 at 0.02 ≤ z ≤ 0.05489, selected from the SDSS DR7. We divide these galaxies into three spectral types: star-forming, composite, and AGN-host galaxies, and classified them into barred (storng & weak) and non-barred galaxies by visual inspection. We summarize our main findings as follows.
1. The strong bar fraction is ∼2.5 times higher in AGN-host galaxies than in star-forming galaxies. However, the excess of f SB is caused by the fact that AGNhost galaxies have on average redder u − r color and higher σ than non-AGN galaxies since f SB is higher for redder and more massive (higher σ) galaxies. The excess of f SB in AGN-host galaxies disappears when galaxies with the same u − r and σ (or M star ) are compared, indicating that f SB do not depend on AGN activity.
2. Strong-barred galaxies have higher AGN fraction than weak-barred or non-barred galaxies. However, we find no difference of the AGN fraction between barred and non-barred galaxies, when we compare galaxies with the same u − r color and σ (or M star ), indicating that AGN activity is not dominated by the presence of bars.
3. Among AGN-host galaxies, barred and non-barred systems show similar Eddington ratio distributions as a function of u−r, σ, and M star , implying that AGN power is not enhanced by bars.
In conclusion we do not find any evidence that bars trigger AGN activity. Thus we argue that there is no direct connection between AGN activity and the presence of bars.
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